Mobile and wireless network technologies enables us to communicate each other at any time, any place in the ubiquitous personal communications services(PCS). Among the technologies, location management of mobile users is one of the most important problems for tracking the location of mobile users. The location management basically is performed by using two registers, HLR(Home Location Register) and VLR(Visitor Location Register). Location of the mobile user is registered to the two databases for call tracking. And those registration operations cause many network traffic. In this paper, we propose a new simple location management by registering representative VLR of group of several VLRs regionally and broadcasting for searching a mobile user, so called rVLR-B. We manage the representative VLR of several VLRs and register mobile users' location. When set up the call path between mobile users, the VLR of the caller queries callee's rVLR for searching the location of callee instead of requesting to VLR of callee. And then rVLR broadcast the callee's location to all VLR of the region concurrently. Location registration is only performed when a mobile user visits a new rVLR network area from current area. Using the rVLR-B, we can reduce the cost of maintaining location of mobile users.
Introduction
Mobile and wireless network technologies enables us to communicate each other at any time, any place in the ubiquitous personal communications services(PCS). Mobile users can communicate with voice, data, and multimedia services at any time, any place, and in any format using the personal communications services(PCS) [1, 2] . But for gaining those convenience location registration of the mobile users is always needed because the mobile users have moved here and there at any time. So, first of all location management should be considered in mobile and wireless networks. Location management is one of the most important issues in wireless and mobile networks. That is to manage the movements of the mobile users.
PCS system architecture consists of two parts. Those are radio network and wireline transport network. First, in radio network, mobile users carry mobile stations(MS) to communicate each other with the base stations(BS). Next, in wireline transport network, the mobile switching centers(MSC) are connected to the base station by a special switch tailored to mobile applications. In the PCS system architecture, base stations(BS) cover the mobile service area as shown in Figure 1 . BSs are responsible for relaying the calls to and from the mobile stations(MS) when MSs are located in there coverage areas. The BSs are connected to mobile switching centers(MSC) and the MSC interfaces the MSs with the PSTN(Public Switched Telephone Network). For location management two types of database are used, HLR(Home Location Register) and VLR(Visitor Location Register) [1, 3, 4] . HLR(Home Location Register) has information of the mobile users as the home system of the mobile user. And VLR(Visitor Location Register) is defined as visitor location register of the visited system contrary to HLR, that is, the VLR is the other location register used to retrieve information for handling calls to or from a visiting mobile user.
Figure 1. The basic PCS network architecture
In the PCS system architecture, the mobile users should be registered the current location of the user when the mobile user moves from a coverage area of BS to the coverage area of another BS. Otherwise, it would be impossible to deliver the services to the mobile user. But those registration operations cause many network traffic because of communicating between mobile systems. In this paper, we propose a new simple location management by registering representative VLR of group of several VLRs regionally and broadcasting for searching a mobile user, so called rVLR-B. We manage the representative VLR of several VLRs and register mobile users' location. When set up the call path between mobile users, the VLR of the caller queries callee's rVLR for searching the location of callee instead of requesting to VLR of callee. And then rVLR broadcast the callee's location to all VLR of the region concurrently. Location registration is only performed when a mobile user visits a new rVLR network area from current area. Using the rVLR-B, we can reduce the cost of maintaining location of mobile users. This paper is composed of 4 sections. Section 1 covers the introduction. Section 2, we describes location management in wireless and mobile networks using HLR and VLR. In section 3, for reducing the network traffic a new location management strategy by registering representative VLR of group of several VLRs regionally and broadcasting for searching a mobile user, so called rVLR-B, is proposed. Finally, the last section comprises the summary and conclusion. 
Location management
Location management is one of the important issues in personal communications services network. To track the location of mobile users significantly affects the performance of the PCS network. The location management basically is performed by using two registers, that is, the two database are HLR(Home Location Register) and VLR(Visitor Location Register). A mobile users move anywhere in wireless and mobile networks, so location registration for call tracking is always needed. And those registration operations cause many network traffic costs for searching the callee's location in PCS network. There are two aspects of location management in a PCS network. The one is handoff, the other is roaming. 
Handoff
When mobile users communicate each other, the mobile stations are connected to base station via a radio link. And then, if a mobile user moves to the coverage area of another BS, the radio link to the old BS is eventually disconnected, and a radio link to the new BS should be established to continue the conversation. This process is referred to handoff. There are two types of handoff, inter-BS handoff and intersystem handoff. Inter-BS handoff is performed when the base stations are in the same MSC. And intersystem handoff is performed when the base stations are in the two different MSCs [1, 2, 3] .
When a mobile user visits a new BS area from current area, the handoff process in the MSC is as follows:
1. The mobile station(MS) momentarily suspends conversation and initiates the handoff procedure by signaling on an idle channel in the new BS.
2. Upon receipt of the signal, the MSC transfer the encryption information to the selected idle channel of the new BS and sets up the new conversation path to the MS through that channel.
3. After the MS has been transferred to the new BS, it signals the network, and resumes conversation using the new channel.
4. Upon receipt of the handoff completion signal, the network removes the bridge from the path and releases resources associated with the old channel.
The process mentioned above is used with the mobile-controlled handoff strategy in the Inter-BS handoff.
Registration of mobile station
Mobile station registration in mobile network is the process whereby an MS informs the system of its current location. Based on location management protocols, IS-41 or GSM, location management strategies use two-tier system of home and visited databases. HLR is referred to as the home system of a mobile user. And VLR is visitor location register of the visited system contrary to HLR, that is, the VLR is the other location register used to retrieve information for handling calls to or from a visiting mobile user [1, 6, 7] .
When a mobile user visits a new PCS network area from current area, the registration process in the new VLR is as follows:
1. The mobile station(MS) request to the new visited system for registering its information in new VLR.
2. The new VLR informs the mobile user's HLR of the MS's current location, the address of the new VLR. The HLR sends an acknowledgement including MS's profile.
3. The new VLR informs the MS of the successful registration.
4. The HLR sends a deregistration message to old VLR and the old VLR acknowledges the deregistration.
As mentioned above, the VLR temporarily stores subscription information for the visiting mobile users so that the corresponding MSC can provide service.
Mobile call delivery
As described before, mobile systems should register mobile user's current location. After registration of the mobile station, location tracking is required when a network attempts to deliver a call to the mobile user. When a mobile user or a wire-line phone attempts to call a mobile subscriber, the caller must know the callee's location in mobile networks. First of all, VLR of the caller requests callee's information to HLR. Based on location management protocols, IS-41 or GSM, mobile call delivery procedure is as following [1, 4, 8, 9 ,10].
1. VLR of the caller queries the HLR to find the current VLR of the MS, the callee. The HLR queries the VLR in which the MS resides to get a routable address.
2. The VLR of the callee returns the routable address to the HLR and the HLR also returns the address to the originating VLR.
3. Using the routable address, a trunk is set up from VLR of the caller to the callee through the visited MSC.
As described above, the VLR of the caller queries the HLR for searching the callee's location. Because the location of the callee is registered in the HLR, the HLR returns the routable address of the callee.
Representative VLR and broadcasting
Relating to registering mobile user's location, a mobile user moves anywhere in mobile networks. Whenever MS move here and there, location registration for call tracking is always needed. Those operations cause many network traffic. If we manage representative VLR(rVLR) of several VLR regionally, when set up the call path between mobile users, the VLR of the caller queries callee's rVLR for searching the location of callee instead of requesting to VLR of callee. And then the rVLR broadcasts the callee's location to all VLR of the region concurrently. Location registration is only performed when a mobile user visits a new rVLR network area from current area. In this paper, we propose a new simple location management by registering representative VLR of group of several VLRs regionally and broadcasting for searching a mobile user, so called rVLR-B. 
Representative VLR(rVLR)
In our proposed rVLR, we define a distributed database as shown in Table 1 . The structure of rVLR database is composed of dialed mobile phone number, and routable address of the current VLR. The rVLR database records are updated whenever set up the call path between mobile users.
We assume that rVLR manages and uses 1,2, …, i, … n, number of mobile phone numbers. And then the set of mobile phone number in a rVLR is defined as PN={pn 1 , pn 2 , …pn i , … pn n } and set of routable address is represented by VL={vl 1 , vl 2 , …vl i , … vl n }. Let rVLR database table set, rV={pn i , vl i } and we use denotation as follows: pn i : ith registered phone number in rVLR vl i : ith routable address of the phone number When a mobile user visits a new rVLR's network area from previous area, the mobile phone number is registered to our new rVLR database as shown in Table 1 . And also the current VLR is registered to the rVLR database as a routable address for call setup. In Table 1 , the current VLR means that the mobile user resides in the VLR. 
Registering procedure in rVLR
In our proposed rVLR-B, registration procedure of a mobile station location is illustrated in Figure 3 . When the HLR returns the address to the originating VLR, the procedure is shown in Figure 3 and is described in the following steps:
When a mobile user visits a new PCS network area from out of region of current rVLR area, the registration process in the new VLR is as follows:
1. The mobile station(MS) request to the new visited system for registering its information in new rVLR.
2. The new rVLR informs the mobile user's HLR of the MS's current location, the address of the new rVLR. The HLR sends an acknowledgement including MS's profile.
3. The new rVLR informs the MS of the successful registration.
4. The HLR sends a deregistration message to old rVLR and the old rVLR acknowledges the deregistration.
As shown in Figure 3 , the rVLR temporarily stores subscription information for the visiting mobile users so that the corresponding MSC can provide service.
Call delivery procedure in our proposed rVLR-B
When a mobile user or a wire-line phone attempts to call a mobile user, the caller must know the callee's location in mobile networks. First of all, VLR of the caller requests callee's information to HLR. Based on our location management protocols, mobile call delivery procedure is as following.
1. VLR of the caller queries the HLR to find the current rVLR of the MS, the callee. The HLR queries the rVLR in which the MS resides to get a routable address.
2. The rVLR of the callee broadcast the callee's location to all VLR of the rVLR coverage area concurrently. And then a VLR of the callee returns the routable address to the rVLR. 4. Using the routable address, a trunk is set up from VLR of the caller to the callee through the visited MSC.
As shown in Figure 4 , when callee's rVLR is received query of HRL from VLR, the rVLR can broadcast routable address of the callee to the all VLR concurrently. And then the VLR of the callee returns the routable address to the rVLR. The broadcasting procedure can be performed concurrently, so the delay time is not problems in our rVLR-B.
In this mobile call delivery procedure, our proposed broadcasting scheme for location management is described in detail as follows:
1. The rVLR of the callee broadcasts for tracking the callee's location to all VLR of the rVLR coverage area concurrently.
2. And then the VLR in which the callee resides returns the routable address to the rVLR.
3. The rVLR registers the mobile phone number and current VLR to the proposed rVLR database.
As shown in Figure 5 , our proposed rVLR database can be updated by broadcasting scheme. 
Conclusion
Mobile users move anywhere in mobile networks, and then location registration for call tracking is always needed. We described location management performed by using two registers, HLR(Home Location Register) and VLR(Visitor Location Register). And those registration operations cause many network traffic. In this paper, we propose a new simple location management by registering representative VLR of group of several VLRs regionally and broadcasting for searching a mobile user, so called rVLR-B. We manage the representative VLR of several VLRs and register mobile users' location. When set up the call path between mobile users, the VLR of the caller queries callee's rVLR for searching the location of callee instead of requesting to VLR of callee. And then rVLR broadcast the callee's location to all VLR of the region concurrently. Location registration is only performed when a mobile user visits a new rVLR network area from current area. Using the rVLR-B, we can reduce the cost of maintaining location of mobile users.
In the future we will further research on improved registration and cost reduction in mobile and wireless networks.
